Studies were carried out on biomodification and the pre-heat (130 0 C) influence on Poly (vinyl chloride) / Poly (ε-caprolactone) films. The results showed that heat pre-treatment improved the biomodification of PVC films, but it inhibited the biomodification of the PVC/PCL film.
INTRODUCTION
Plastic use for packaging materials has increased rapidly over the last 20 years. The annual disposal of plastics has raised the demand for nondegradable plastic materials. Selective use of biodegradable polymers in certain applications might help to reduce the environmental impact of plastic materials (Yavuz et al., 2002) . These materials became a waste concern, because of their persistence in the environment (Aboud-Zeid et al., 2001) . Poly(ε-caprolactone) (PCL) an aliphatic polyester is derived from a ring opening polymerization of ε-caprolactone, and has a relatively low melting point, 60ºC (Darwis et al., 1999) . Biocompatible, biodegradable and non-toxic synthetic aliphatic polyesters in biomedical applications are especially used as drug delivery devices, because when inside of the body they are completely degradable. An interesting property of PCL (a good example of an aliphatic polyester) is its ability to form compatible blends with a wide range of other polymers (Darwis et al., 1999) . Polyvinyl chloride (PVC) is one of the most important commodity plastics in use nowadays (Varma et al., 1999) . It is often used as food packaging, toys, pipes, floor, window frames, etc (Anon, 1997) . PVC, a known thermal and photo unstable polymer, degrades over 130ºC (Pospisil et al., 1999; Veronelli et al., 1999) . The photo and thermal degradation releases hydrochloric gas (dehydrochlorination) that leads to the formation of conjugate polyene sequences (-CH=CH) in the polymer chains, giving the PVC a reddish brown color (Hollande and Laurent, 1997; Veronelli et al., 1999) . The polymer surface deterioration is an interfacial process. It can involve microorganisms that can colonize the polymer surfaces as biofilms. These biofilms consist of cells embedded in a polymer matrix of their own origin, containing polysaccharides and proteins (Flemming, 1998; Costerton et al., 1987) . Some of the major ways through which microorganisms deteriorate synthetic polymers are: fouling, which is an unwanted deposition and growth of microorganisms on surfaces; degradation of leaching components; corrosion including hydration, penetration, and color change due to biofilms which can contain organisms that produce pigments (Flemming, 1998) . Some fungi, such as Phanerochaete chrysosporium and Aspergillus fumigatus are known for their ability to degrade some recalcitrant pollutants such as synthetic polymers. The former is called white rot fungus and degrades lignin and synthetic polymers (Martins et al., 2001; Thomas et al., 1992; Lymar et al., 1995) and the latter has been described as an effective degrader of plasticized PVC and DDT. Scanning Electronic Microscopy (SEM) studies with this fungus on poly-hydroxybutirate-co-valerate samples showed degradation on their surfaces (Renstad et al., 1999) . Polyesters are potentially biodegradable due to the hydrolysable ester bonds. PCL mixed with PVC alters its properties, such as high impact behavior, heat resistance temperature and technological processing. PCL was reported to be a very effective plasticizer for PVC (Karal et al., 1997) . In some cases, thermal and photo pre-treatment can facilitate the attack of microorganisms on the polymer surface (Veronelli et al., 1999) . The literature did not show any paper that uses thermal and biological treatment on PVC/PCL films. In this paper, we intended to associate thermal and biological treatments on PVC/PCL blend using UV-Visible absorption spectroscopy to find out evidences of deterioration.
MATERIALS AND METHODS

Chemicals
Poly(ε-caprolactone) ( Fig. 1 
Sample Preparation
Films of PVC, PCL and blends of PVC/PCL 1:1 were obtained by casting from solutions of PVC and PCL in dichloroethane on a glass plate, whose diameter was 2.5 cm at room temperature (25ºC). The films were dried under vacuum for 48 hours (Martins-Franchetti et al., 2002) .
Thermal pre-treatment Films of PVC, PCL films and the blends of polymers were thermally treated in a high power oven (130ºC) for one hour before the microbial treatment.
Fungi suspension preparation P. chrysosporium and A. fumigatus were grown in slants at room temperature. The suspension was obtained by adding 9.0 mL of saline solution 0.85% (m/v) in the slants, and afterwards filtering it in glass wool. The liquid suspension obtained containing fungi spores was used as inoculum.
Culture Medium
The liquid culture medium consisted of a solution of Sabouraud -Malt. P.chrysosporium and A. fumigatus were inoculated (1 mL removed from saline suspension) in the culture medium and kept for 7 days at 32ºC without films.
Microbial treatment of the films
Duplicate samples of PVC, PCL and PVC/PCL 1:1 were incubated in Sabouraud -Malt solution in 500 mL Erlenmeyer flasks containing 100mL of Saboraud-malt medium with P. chrysosporium and A. fumigatus. The original films (without any treatment) and heat pre-treated films were kept for 4 months, in a incubator at 32ºC without agitation.
After this treatment, all films were washed several times with distilled water and dried under vacuum for 48 hours.
UV-Visible spectroscopy (UV-Vis.)
UV-Vis. spectra were obtained on a UV-Vis. Shimadzu spectrometer (UV-2401 model) in a range of 200-800nm.
RESULTS AND DISCUSSION
PVC, PCL and PVC/PCL 1:1 films were colorless and transparent films, with 30µm thicknesses. After thermal treatment, these films changed to a pink color suggesting degradation. UV-Vis spectra of the PVC films thermally treated revealed the presence of polyenes in the range of 450 -650 nm (Fig.3 ). This result was in accordance with the thermal degradation mechanism of PVC, described by Veronelli et al. (1999) . Spectra of biotreated PVC films showed an increase of the absorbance intensity, because the film became opaque (Fig. 4) . Spectra of heat pretreated and biotreated PVC films presented an increase of the absorbance intensity in the range of 450-650 nm wich was attributed to the absorption of polyenes sequences on PVC matrix (Fig.5 ). In this case, the biotreatment was effective only after the thermal treatment.
The UV-Vis. spectrum of PCL did not present significant changes after thermal treatment (Fig. 6 ). Biotreated PCL films showed an increase of the absorption intensity in the range of 260-340 nm, related to carbonyl groups (Fig. 7) . The UV-Vis spectra of the thermal and biotreated PCL film showed a significant increase of the absorbance intensity of carbonyl groups (260-340 nm) and the presence of three sharp bands related the absorption of different types of carbonyl groups (Fig. 8 ). In this case, it was difficult to say whether the modification on PCL film was more or less important than just in the case of the biotreatment. The UV-Vis. spectrum of the PVC/PCL 1:1 blend did not present changes after thermal treatment (Fig. 9 ). This showed the PCL effect in PVC chains, which in this case, did not undergo thermal degradation, as in the PVC film. The biotreated blend showed three sharp bands related to the absorption of the carbonyl groups on UV-Vis. spectroscopy (Fig. 10) . The UV-Vis. spectrum of the thermal biotreated blend (Fig.11) showed that the bands of carbonyl groups and polyenes decreased (260-340 nm and 450-650 nm, respectively) in comparison to the PVC spectrum ( Fig. 5 ). It seemed that the PCL protected the thermal degradation of the PVC and the PVC protected the biodegradation of the PCL, i.e. the -C=O groups of PCL interacted with the H-C-Cl groups of PVC, avoiding the thermal and biodegradation in both the polymers. (Veronelli et al., 1999) .
The protection effect in the PVC/PCL blend was investigated by Karal et al (1997) , but the effect was noticed in the thermal and the biodegradation processes of the blend. The thermal degradation mechanisms of both individual polymers were previously described by Kaczmarek et al. (2002) .
The effect of the PCL on the thermal oxidative degradation of the PVC could be explained by the combined reactions between the active groups formed in degraded PVC ( • CH 3 , • CH 2 CH 2 ,
• CH 3 Cl) and PCL chains (Kaczmarek et al., 2002) . Thermal degradation (at 130ºC) created double bonds in PVC (evolution of HCl), by "zip" dehydrochlorination (Scheme1) (Veronelli et al., 1999) . 
CONCLUSION
The thermal effect on biotreatment was effective in isolated PCL and PVC films, but in the PVC/PCL blend this effect was non-significant. The pre-heat treatment, in these experimental conditions, inhibited the biomodification of the blend. Regarding the PVC/PCL blend it could be concluded that PCL avoided both the thermal degradation and the thermal biodegradation of PVC. This could be attributed to the interaction between carbonyl groups of the PCL and H-C-Cl groups of the PVC.
